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Abstract
Background: Oranges have been known to possess numerous health benefits for humans as they
are rich in vitamin C, A, and potassium. Citrus fruits contain a substance known as “citrus
sinensis juice” which boosts immune function and aids in wound healing. Sinensis juice can also
reduce blood pressure, inflammation, and risk of cardiovascular disease.
Objective: To determine the effects of drinking eight ounces of fresh vs. commercial orange
juice on blood pressure in healthy normotensive males ages 18-59 years.
Design: Randomized, single-blinded, crossover study.
Participants: Healthy males aged 18-59 years, willing to keep the same lifestyle, refrain from
taking medications or antioxidant supplements to control blood pressure, or drinking any type of
orange juice for 30 days of participation during study.
Results: No significant change in blood pressure was observed in both intervention groups.
Statistics: Repeated measures ANOVA, linear mixed model (degradation), SPSS software
(version 25).
Conclusion: No significant change was observed in four weeks of consumption of 8 fluid ounces
fresh or commercial orange juice.
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Introduction
High blood pressure is a common health condition. Blood pressure is a normal function
for all human beings and reflects the mechanics of blood acting against a vessel when it is
pumped by the heart. When blood pressure exceeds normal limits, the risk for heart disease and
stroke increase drastically due to excess strain on the vessels. According to the Centers for
Disease Control and Prevention, about 75 million people have hypertension in the United States.1
Unfortunately, only 54% of these people have their blood pressure under control.1 The normal
blood pressure reading is less than or equal to 120/80 mm Hg ( Systolic/Diastolic).1 When blood
pressure readings elevate to 120/80-139/89 mm Hg, that is classified as prehypertension.1
Readings at 140/90 or greater are classified as hypertensive or abnormal.1
The prevalence of hypertension is high because it is heavily influenced by lifestyle. Lack
of exercise reduces circulation efficiency as well as heart health. Diets high in sodium and overconsumption of processed foods can increase blood pressure.2 Excess weight can place
additional strain on the heart as well as on the vessels.3 Family history of hypertension may also
play a role in development of hypertension. As persons age, vessels will naturally degrade in
elasticity. In terms of ethnicity, African-Americans tend to develop high blood pressure more
frequently than other ethnicities. Alcohol, smoking, and stress are also blood pressure increasing
factors.
There are many methods for decreasing blood pressure. Thiazide diuretics, calcium
channel blockers, and angiotensin-converting enzyme inhibitors are common drugs for patients
who have high blood pressure. However, some remedies involve lifestyle to decrease blood
pressure. William (2013) stated that walking and exercising are best methods for reducing high
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blood pressure.4 Doing so will strengthen cardiac muscles, which will lead to a more efficient
heart contraction.4 As a result, blood pressure will be reduced.
Two and a half hours of moderate or 75 minutes of vigorous exercise a week can help
treat high blood pressure.4 The “reduced sodium diet” is another popular treatment option
because sodium increases the amount of fluid in the bloodstream due to the natural osmolality
effect of sodium attracting water.2 Yang observed that another method for reducing blood
pressure is eating potassium rich foods.2 Potassium is a mineral that helps rid the body of
sodium.2 For overweight hypertensive patients, weight loss is another recommendation for blood
pressure reduction.4 Losing 5% of body mass can significantly lower blood pressure.4 In terms of
natural supplements, aged garlic extract and fish oil have components within them that can help
with reducing blood pressure.5,6
Aside from a sodium-restricted diet, consuming oranges has been shown to possibly aid
in blood pressure reduction. Citrus sinensis, also known as “sweet orange,” is rich in vitamin A,
C, and potassium and can be eaten or juiced.7 Flavonoids in oranges have been shown to reduce
risk of cardiovascular disease.7
Other citrus fruits have been shown to provide benefits for treating high blood pressure.
Kato (2014) noted that lemon ingestion and exercise, such as walking, can help in reducing
blood pressure.8 Another citrus fruit that has the potential of reducing blood pressure is
grapefruit. A study by Dow (2016) involved a six-week consumption of grapefruit to determine
if changes in weight lipids, and blood pressure occured.9 Results showed no significant change,
but further research should be done.9
A study conducted by Asgary (2013) looked at the effects of fresh orange juice and
commercial orange juice on blood pressure. This was a single-blind randomized crossover study
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that involved 22 healthy male subjects ages 18-59 years.10 The duration of the study was ten
weeks with the first four weeks of commercial orange juice being consumed daily, a two week
washout period, and finally the last four weeks with daily fresh orange juice consumption.10 The
amount of fresh and commercial orange juice consumed daily was 16.9 fluid ounces (500
milliliter) two times a day for a total of 33.8 fluid ounces (1 liter), for breakfast and dinner.10
Blood pressure was recorded before the study, during, and after the duration of the study.10
Results showed that commercial orange juice had a significant impact on reducing both systolic
and diastolic blood pressure.10 Fresh orange juice, on the other hand, did not have a significant
impact on blood pressure.10
High blood pressure is a common health condition. The purpose of our graduate student
research study was to determine if drinking a smaller amount of orange juice (8 fluid ounces)
daily can have a positive impact on decreasing blood pressure in healthy normotensive males
between the ages of 18 - 59 years. We replicated the methodology from the Asgary study using a
lower volume of orange juice. For this study, our source of citrus sinensis juice came from
Valencia and Navel oranges. Besides the use of fresh oranges to determine changes in blood
pressure, we also used commercial orange juice to compare the effects of both.
Methods
Participants
This research study consisted of 18 healthy males, but only 17 completed the study in its
entirety (n=17). Participants’ ages ranged from 21 to 44 years of age. Subjects were randomized
into two groups (A and B) using a random name selector through a website app. Group A
consisted of ten subjects with the mean age of 28.6 ± 6.8 years and started with commercial
orange juice intervention. Group B consisted of seven subjects with the mean age of 26.3 ± 2.8
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years and started with the fresh orange juice intervention. After this four week intervention, there
was a period of no orange juice consumption for eight weeks. Then subjects switched the type of
orange juice and drank it for another four weeks.
To be included in the study, participants had to maintain the same lifestyle, not take any
medications or antioxidant supplements to control blood pressure, and not drink any type of
orange juice within the preceding 30 days. The exclusion criteria was: diabetic, smoked
cigarettes, marijuana or electronic cigarettes, drink alcohol more than once a week, allergic to
oranges, and/or diagnosed as hypotensive or hypertensive. The Institutional Review Board of
Loma Linda University approved all methods and procedures. Risks of this study included a
possible breach of confidentiality. Although subjects may not personally benefit from this study,
their participation may help practitioners provide scientific information that may benefit men in
managing blood pressure with citrus sinensis juice.
PSS
Perceived Stress Scale (PSS) is a widely used psychological instrument for measuring
perception of stress. It is a measure of the degree to which situations in one's life are perceived
as stressful. Emotional stress has been linked to increased blood pressure. The PSS is an easy-touse questionnaire with established internal consistency (Cronbach’s α=0.87) and positive testretest reliability (ICC=0.86, p<.001).11
Blood Pressure
The blood pressure monitor that we used for this study was Omron, 5 series, Model:
BP742N. Subjects came in four times throughout the study at the beginning and end of the first
four weeks, and the beginning and end of the second four weeks. We took three readings each
time and averaged them.
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Orange Juice
We bought fresh oranges and commercial orange juice from Sysco. We squeezed the
fresh oranges at the kitchen of the School of Allied Health Professional with a reamer type juicer
on the same day as distribution. The juice was not treated with additional preservatives or sugar.
To produce eight ounces of fresh orange juice, approximately three oranges were needed. One
part of concentrated orange juice needed four parts of water to reconstitute. Then we measured
the reconstituted orange juice and put them into 32 fluid ounces water bottles, and stored them in
the refrigerator. We gave subjects orange juice every three or four days.
Procedure
∉ Visit 1 - Beginning of the first four weeks: Upon arrival, subjects were given a consent
form. Student investigators went over the layout of the research study with them, such as
procedures and compliance . Then subjects were asked if they agreed to drink orange
juice daily for two months. If they agreed, they were asked to relax for five minutes, and
student investigators took their blood pressure reading three times using a blood pressure
monitor. Subjects completed the PSS survey before leaving. Subjects had to drink eight
ounces of the specified juice daily for four weeks.
∉ Visit 2 - End of the first four weeks: Subjects met with student investigators at a
convenient location. Subjects were asked to rest for five minutes. Then student
investigators took their blood pressure reading three times using a blood pressure
monitor. Subjects completed the PSS survey before leaving.
∉ Between visit 2 and 3: There was a washout period of eight weeks with no consumption
of any type of orange juice.
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∉ Visit 3 - Beginning of the second four weeks: Subjects met with the student
investigators at a convenient location and were asked to rest for five minutes. Then,
student investigators took their blood pressure reading three times using a blood pressure
monitor. Subjects completed the PSS survey before leaving. Subjects had to drink orange
juice for the second four weeks and came in every three or four days to pick up orange
juice.
∉ Visit 4 - End of the second four weeks: Subjects met with student investigators at a
convenient location and were asked to rest for five minutes. Then student investigators
took their blood pressure reading three times using a blood pressure monitor. Subjects
completed the PSS survey and were given gift cards as compensation before leaving.
Data Analysis
Mean and standard deviation were computed for quantitative variables, while median as
well as minimum and maximum ranges were computed for ordinal variables. A paired t-test was
performed to analyze data obtained by the crossover design before and after juice
supplementation in order to determine possible significant differences in blood pressure between
time points. A paired t-test between baseline values (either natural or commercial orange juice
supplementation) was used to establish correct performance of the washout. A paired t-test was
also used to compare the mean values obtained before and after the experiment period. To
examine the effect of the type of intervention on SBP and DBP over time (pre versus post), a
mixed model was conducted within and between groups. Data was analyzed using SPSS
Statistics Software version 24.0 (SPSS Inc, Chicago, IL, USA). All analyses were performed at
an alpha level of .05.
Results
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Overall, 18 subjects began the study, but only 17 completed the study in its entirety. One
subject was dropped due to lack of compliance. Table 1 shows that 12% of subjects were
vegetarians. Table 1 also shows the diet, exercise frequency, and occupation of each subject at
baseline. Four out of the 17 subjects were physically active greater than five times per week. Of
the 17 subjects, 13 were students at Loma Linda University (Table 1). In the commercial group,
no significant change occurred in systolic (119.1 ± 5.8 to 119.8 ± 5.7; 0.6% change; p = 0.547)
and diastolic blood pressure (72.8 ± 9.3 to 75.4 ± 6.8; 3.6% change; p = 0.197) over four weeks.
In the fresh group, no significant change was observed in systolic (119.2 ± 7.0 to 116.2 ± 5.3; 2.5% change; p = 0.146) and diastolic blood pressure (73.7 ± 7.6 to 75.1 ± 8.7; 1.9% change; p =
0.419) over four weeks. No significant change occurred in stress levels of both fresh and
commercial orange juice groups over four weeks (P = 1.000 and P = 0.586, respectively). No
significant change occurred in SBP and DBP between the commercial and fresh orange juice
groups over four weeks (P = 0.063 and P = 0.413, respectively). No significant change occurred
in stress levels between fresh and commercial orange juice groups over four weeks (P = 0.416).

Table 1. Frequency (%) of selected demographics of participants at baseline (N = 17)
Characteristics
Frequency (%)
†
Age (years)
27.6 ± 5.3
Diet:

†

Regular
Vegetarian

15(88.2)
2(11.8)

Exercise (frequency):
0-3 days per week
4-5 days per week
>5 days per week

9(52.9)
4(23.5)
4(23.5)

Occupation:
Student
Non-student

13(76.5)
4(23.5)

Values are presented as mean ± standard deviation
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Table 2. Mean (SD) of blood pressure and median (minimum, maximum) of stress level by
group overtime (N=17)
Commercial
Fresh
Percent
Percent
Pre
Post
P-value
Pre
Post
P-value P-value*
change
change
119.1
119.8
119.2
116.2
SBP
0.6
-2.5
0.547
0.146
0.063
(5.8)
(5.7)
(7.0)
(5.3)
72.8
75.4
73.7
75.1
DBP
3.6
1.9
0.197
0.419
0.413
(9.3)
(6.8)
(7.6)
(8.7)
13
13
11
11
PSS
0.0
0.0
1.000
0.586
0.416
(3, 24)
(2, 25)
(2, 22) (0,19)
SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure, PSS: Perceived Stress Scale
P-value* for between groups

Discussion
The purpose of this study was to determine the effects of drinking 8 fluid ounces of fresh
versus commercial orange juice on blood pressure in healthy normotensive males ages 18 – 59
years. Consumption of citrus fruits such as oranges, grapefruit, and lemon may reduce blood
pressure. Oranges are a good source of several vitamins and minerals, especially vitamin C,
thiamine, folate, and potassium. High intake of potassium can lower blood pressure in people
who already have high levels and may reduce risk of heart disease.2
The main finding of our study was that the four week consumption of commercial and
fresh orange juice did not affect blood pressure in normotensive male subjects. In comparison to
the Asgary study, we used the same four week duration, but we tested 8 fluid ounces of orange
juice instead of one liter (34 fluid ounces). We hypothesized that fresh orange juice would cause
a significant decrease in blood pressure because the pasteurization process used in commercial
orange juice would destroy some of the flavonoid content. However, Asgary reported that
commercial citrus sinensis juice significantly decreased SBP and DBP.10 Asgary mentioned that
the amount of flavonoid is higher in commercial orange juice compared to fresh hand squeezed
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orange juice. Commercial orange juice has a higher flavonoid (polymethoxylated flavones,
hesperidin, and naringin) content compared to fresh orange juice. This is due to the grinding
process, which uses the entire fruit to produce the juice. Producing fresh orange juice, on the
other hand, requires the separation of juice from the flesh of the orange. One of the limitations of
our study could be the equipment that was being used to extract juice. The flesh of the orange
contains flavonoids and the equipment used may not have been able to extract as many
flavonoids as needed to impact results.
It has been reported that water extract from lemon peels have a suppressive effect on
blood pressure.8 A study was conducted by Kato (2014) in which 101 subjects consumed a
lemon with the peel and walked daily for five months.8 Study results showed a significant
decrease in systolic blood pressure. Furthermore, pectin and essential oils contained in the peel
were also found in greater amounts in commercial juice (skin is separated when fresh squeezed).
Flavonoids naringin and hesperidin are mainly present in the peel and essential oils of grapefruits
and oranges. They have been reported to possess antioxidant, antihypertensive, and
hypocholesterolemic effects. Flavonoids also offer some kind of protection against mutagenesis
and lipid peroxidation.8 Morand (2014) studied twenty-four healthy overweight men ages 50 –
65 years of age who consumed a 500 milliliter drink that contained orange flavoring and
hesperidin capsules daily for four weeks.12 Results showed a drop in diastolic blood pressure.
We believe the results of our study were not significant due to the amount of juice
subjects consumed. With a daily consumption of 8 fluid ounces of orange juice, subjects would
not receive as many flavonoids as those drinking one liter. Additionally, significant changes on
blood pressure may have been observed had the duration of the intervention phases been
prolonged. Long term exposure to ascorbate is known to increase endothelial nitric oxide
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synthase activity by stabilizing its cofactor tetrahydrobiopterin. Ascorbate derives from ascorbic
acid and acts as a water soluble reducing agent and an antioxidant. Low levels of plasma
ascorbate has been linked to increased oxidative stress which has been related to hypertension.13
Lastly, the oranges that we bought from Sysco could have altered the results since there was a
period where the oranges used were not as ripe which may have altered the number of available
flavonoids.
A future study could be done in which essential oils of orange could be put into capsules
and used to evaluate possible change to blood pressure. This would be a method where additional
calorie and sugar intake from orange juice would be eliminated. Another future study could
examine effects of alternative amounts and duration of orange juice being consumed to reduce
blood pressure.
Conclusion
Some studies indicate orange juice can possibly lower blood pressure. Our study’s
findings showed that neither fresh nor commercial orange juice was able to significantly
decrease systolic or diastolic blood pressure in a four week period of time. In general, more
research on orange juice and blood pressure is needed.
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